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(Power)^l iL°l^r H2flH<>14. S. 3^8: %2:*>^, 5V°^ nfl ^fe. 6A» 4 

^HH, °1 «fl 30W ^5L°) 4^1- a.o]cf. §>xln> ^oj-o] ^-o>^^s. sj.^^ ^ 

^ti>^o] o^^o} ^.^o. a ^|. 7l cq^ nl^-s.*] ^16132895^^1 ofl^ll^S 

^r(220)^r ^^.^^-1- 31 ^cf. ^6127058Jlofl ^^^^1 
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*r*8*Rr 7lHe>ZL <&SLv\, *fl 5527363 JloIHtt &7}&S.^ 

^ <$^& a>o]o| f^^-ofl ^jiL^l^ f-o.^^ Jlji]-^ c_s. 7}<3-*}if <£g-*d 

^1^>, ^afl^l <3s#*HH*r o}e] 7i^o. yj-xls,^- rp. S# >£t11*H ^ 

£*Rr £^El7} ZH *1 ^oflA^ ^Ejofl^ -f^V^r -fMII3 *l*8°l 

^ ^#°1 ^ A o Vo l ^^M- <Ss. 7H*iq-. 

4^1, ^ ^l^Jl^m 71^3 ^Z\)±r #efl 7l#S} 7^ 

*>7l -frg. xfl Sh^-gr #olJ7 <£jL<4 ^ 7 ]o] <g^<q_ Qj^ofl a)) 

^# 0 1 ^iTi^- ^ ^ ^S^l <3lL^m *fl^SRr ^14. 

-S-71 -frS.^ ^>7l H>oH-^^ ^^o] 3Wfl O]^- 8«11 o^o} ^J-g- 
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<38> #71 -H-S^r #7l W>o]#^^ ^^^«-Ei ±^ ^ -ji ^Hjo S ^j-j^q. . 

SV^S. ^-§-^1 3#€th 

<39> # 7 ] O-S^, #7l tiV^-^o]] ^ ^-^5]JL #71 <3^- #5Ml7> o]^ 

#71 *im ?> °1^ HltiS. ol^-Ol^ji, #71 ^^51 iol #71 

elWL^ s-ofl al*fl i.3 ifl^i 2 «11 ^£ htII ^^r}. 

<40> #71 ^ #71 t.}ol^5l.^-^ ig^cq ^^-e^ 3«fl <=1# 8«fl O]^o] ^ol 

<4i> #7l -frS^r ^1*3 "oH^l 90S £*Kr 60711 ^j^uj. ^ 

180S. <£*Rr Q^r 12711 ^ti]^- ^ oicf. 

<42> #7l 2 U| £^ ^^dlS ti>BJ-2l^c}-. 

<43 > #71 ^-SSl ^o_s_ ^o] vy&zm^. 

<44 > #71 $-sL°) <y^Sf #^ Bf^^^ %o] 

<45> #71 -frS^ #7l t^^o))*) ^o] ;g;-S. iol tg^o} ojzjL^. ^ 

* ^wl^Tlul-, #71 ^iLc}- 30% tfl*l 50% ^3E. c] ^1^} 

<46> #71 ti>ol^^^- <g&6|) #og^ 7> ^ol ti>e^>t}-. 

<47> #71 71 aZf^S. ^#^>7l HL*1, # ^ 

^l^W^e*^, #sj.^o.^ ^7} ^^51^ *jl2*l-°l#iiH£ ^ ( # 7 ] ^ ^ *H2wH 

*>°H 7fl7ll5lZL #7l <£^.S-}- #7l #5|-^l7> *}-§-<5Kr MEA# ^^Hr ^^^^ 
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<48> ^7} -frS-SI ^O]^ ^"71 ^]lB}olfB).$S] ^fl-g^ 3«fl 8«fl 

oI^Hji, #7] A>s).^o.^ o. S o^ ^o]^ ^7) ^2*\o]^%£\ Xl^-e^ 3Wfl 

0 1^ V 8«fl ^-g: f^AS Sj-fe ^1^^. 

^"71 <£ji. Hl^r ^>5l-^l7> o]^\^ ^-7} *m ?1 ^-i- ^l^Rr 5ltiO S ojs 

ol^lJI, #7} ^o] ^-71 ^JeL^ 2L6\] ul^fl 1.3 Wfl iflxl 2Wfl ^S. 3- ^o] 

<51> ^J-71 <£^L-f}-^- -B-S.^ ^W^l 90S ^*Kr 3tl7f 607fl °1*HJ! ( ^^^o] 

180S €*>^- € 6 l 127fl o]s>oi ^o] wj-eJ-Jsi^-cf. 
<52> a o v 7 ] o. s - ^lag^ol 90S i£*Kr 3^7} 507fl oIsMjl, ^^«J-^= 

°1 180S ^s>^ i07fl ol<5}o} ^ol 

<53> ^-71 SUi £b €^ ^J2.S- ^£]^r ^o] tiV^^>cf. 

<54> >y-7l ^S-H--^ ^-S. SESr -B-^ -B-S^ -g-U^JLS. <y^-<4 

<55> ^-7] <SJL^-g- -frS^ <y^^r ^-71 ^2^1 -ff^ #7) <3iL-^ -frS. 

^ #^ SE^r ^-71 a>5}-^ ^ -fr^ #^1- A>olofl -J7 y^o) v}#z\is}u?\ t 

¥ HL-Jr ^"71 ^VsMl -H-^ A>o]61] 53 O] B>^^}cf. 
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°1 ti>^-^*H, #7l ^jl-B-* -B-s. hl^ #SM1-B~^ -B-s^r #7l ^^^.«-Ei 

<57> #7l ^SL-fHf- -B-S. Stt #2^1 <g^<q- #71 3 ol ofl «1 

«H 30-50% el 3711 ?H ti>^^cf. 

<58> #71 xi 1 *)12*h#^£t h^h #°g^« ^ ^Cf. 

<59> #71 Xllw>ol#el-^ ofli^oiji, #71 x]2w>ol^e)-^ ^1=13 ^ 9X^, =1 

<*5L 7>^*>cf. 

<60> #71 ^UHl-ol^e^s! oJ-b^ 0.05bar vfl*l 0.12bar# M-^xflJl, #7l ^aM^E}. 

#3 °0-^^r 0.02bar Ml*l 0.08bar«- M-e}^ %o) a>^-a}§>rf. 
<6i> #71 ^ z|z^ #71 y>ol#^o] ,333 ^i^esl 3«fl °1# gtifl ol^-o] ^o] 

<62> a. ^ <gs#*HH ^oi§ ^^^xisi ^£>) ^i^-e^ 3Wfl tfl^l 8«fl 

t <s^*i #-§-<*ih °i #21-^14 «v-§- ^^<H1 

A-1 Al^l ^7^ - 0^ 

<63> ols> ^. wvt^^ AjAHloll ccf^ a} °] °)t *l]-§-*Kr <S.SL3l*l» 3E.l£-g- % V 

#^1*1 

<64> 51 4^r t^^l ^Aj^ofl 4= Xliyfo]^^^- Jio]^ ig^£olj 1> t£ 5a ^ 

^1-^1 A-A' #^51, £ 5b^ ^^1-^ B-B' <&^:E°1^. 
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5L 4-1- #2:*>£ f ^*HH 4€- ^]1«H €^(31)^1 3*1-34 

* ^(G)* -r-31 ^ feolS. ^^-S. #-§-#(37)01 o.S S^sqoJ 214. 

#-§-#(37Hl^r <2iL iE^r ^>sMl7} -B-<ys)^ °j^(32)4 -fHM^r #^(34)7> ^ 
•atb ^^JLS *ll 1-^-3.(33)7} AV^(^)o.5. $14. ^11-^5.(33)^1 

#31 ^°1tt ^liw>^]l-e1-^:(31)^ ^l^esl 3«fl °1^> 8«fl ^l^V, «>^^1^ 4 

#ih# 2J°M4-. ^11^-5(33)^ ^M^- 7fl^fe ^Efl^ ^ofl wl^fl 90S #*S«J-^ 

o] ^^5>^ SUiSf 180S. ^3^o] ^o] 7 fl^7} ^Cf. 

*fll-3-3L(33)^ ^(32)0^ ^^l*>cf7> ^1 151^ (clHH *}«J-JL3. 90S 

^11 W 4*1 ^l2iSul(c2HH -°-4^_os. 903E #*3« 0 V U :0 1 #5}#4. -f#°-3 

^11-^(33)^ ^ll€(tl)^l^ 180J£ #WD :0 1 #S|-*M 2$^r°-S. #*3#1M 
#s}-^ 4*1 *H2#(t2)*lH 1803E ^l*S«J-^ol Tg^o) #*J#4. °14 ^-o. 

^ll-f^L (33)^1 ^l^«oH^ #3*nM£r *113 i^^l *fl7#(t3, t4, t5, t6, t7)<Hl*i 
Til #4#4. 

4#, *ll3#(t3)4 ^I4€(t4)5l A>ol ^ ^I4€(t4)4 *fl5#(t5) ^H^l ^1^-5. 
(33)51 *fll#(tl)4 ;*ll2#(t2)^ A>ol ^ *fl2#(t2)4 *ll3#(t3) A}°l£l ^oj, 

*fl5#(t5)4 *fl6#(t6) ^ *ll6#(t6)4 *ll7#(t7) A>ol^ 1-^(33)21 ^°ll±4 ^4. 
5i#olH *l)3#(t3)4 *ll4€(t4)^ A>ol ^ ^HHi(t4)^ *ll5#(t5) *l] 1-8-3(33) 

2] Qo}Q *HlH(tl)4 *fl2#(t2)2l Afol ^ ^I2€(t2)2f *ll3#(t3) A>o]oi 

# ^°1» 7}*\5m ^3#4. ^I7^(t7)^^i 4^-°-3. #^}# ^ll-n- 5.(33)^- 
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2)l3^4(c3Hl>H S}wJ-o.5. 90S ^HS^IM ^1^*>^7> *114SM(c4:HH t^X\ 

^^S. 90S ^*}<^ #^(34)^1 *fl 1-8-5.(33)31 *)U ifl*l *ll4 

SM(cl, c2, c3, c4)4 *Hl vfl^l *H7U(tl, t2, t3, t4, t5, t6, t7)^r (vortex) 

*l] 1^-3.(33)^ <£sL ^ -tf:3M|7} -g-^r^ ^^(33a)4 *im(33a) *H #^-8: 

ej;u(33b)3. o)^o]^, d\ 7 )*\, ^^(33a)^r «h§-#(37) 
^ 4^ 7>*lJ£-Ij- ^£4. £ 4<H1 S.*]Q *1U^HH *r€- <3iL*i 

*H *ti-§-3^ ^Il«>°l #^(31)^ *H 1-8-3.(33)3=- ^ 7flal 5fl^(33a)o] ^TflsH *m 
(33a)3 <^(32)<HH #^(34)S 4^*1 °H*1:il ^fl^(33a)^ ^ ^ha] o] 

^ H(33b)^ *fl\t(33a) ^°)% 7}*}$.^ <LS.^ ^^(33a)^r S] 

±L(33b)^r £ 5a* #a^3, ^^(33a)^1 ^(w c )4 e]w.(33b)^ 

^-(w r )£r 1.5:1 3 5=3 Hlf 7M£^ *8>M<H ^cf. °l7H, *1]^(33a)3 ^(w c )4 
51 « (33b) 21 ^(w r )^r ^fl^(33a)^- •S-^j-^ ^ ^ofl tr^ ^c^tII 

^ $14. ##*r xm*)- Bl*i3 ^-3 «1«- 7M^ wH^^Hfe *fl^(33a)£ 

a^o} ^AHHl 4 = ^1 0.^(33)^ *fl^(33a)°l a] w (33b) 3 ^ojj Hjsfl 4 3. Til ^ 
^ 0.3*) f^ofl ^-o^ s.^ 7 }^)^ t§<%£\Q *m(33a)3 e|ti.(33b)# ^l^Kr -fi- 
33 ^el #^ €«rtr 7>^>cf. 

cfAl £ 4* ^^3, ^lltiM-fr^ (31)3 3313 #-§-^(37) a}°1£) %-&<%^ 
#-§-#(37)3 i41 £3 3#°fl ¥ 7fl^^ *M^-(36a, 36b)(36c, 36d)(36e, 36f, 36g, 
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36i)4 7fl^ ^if^^ #«g^-(36h)7> ^3<H ftt^. #7] 87fl^ ^l^^-(36a, 
36b, 36c, 36d, 36e, 36f, 36g)<*flfe ^ *H£->SM|7> , ^\o]^ 

j£(3lH #£.7} ^-f >£5Ml7} ^l2W>ol$E)-^.(DliAl)ul}- ^1«>C>1^ 

^(31)2)- ^2Wr°l€iW a\o)6\] 7fl7fl£l^ MEACMembrane Electrode Assembly) (*}S. ) 

36b)^ A-A' #°\] tcj-ef 91°-^ *fllw r °l#iW(31)^: W^>JL SUrC-fl, cf^ ^ 

^(36a, 36f), (36c, 36i), (36d, 36g)£ -ft-^r*r7ll yfl^sH o^cf. 

i=H £ 4«- ^S^S, ±^ #3 ^l^s)^ ^*l*Hir *U4r5(33)2l <a ^(32)^1 S> 
-^2}- #-^(34)^ #-fofl^ zj-z}- ^2^-S.(nl£A])^ ^(44)^ <y^ ( 42) 7 ]. ^^^jl 9\ 

4. ^1-8-5(33)2] <^(32)2f cf^. °J^(42)1- ^1-8-5.(31)^ #^-(34)1- A>ol 

ol ^sMl^f 3* ^tfll* "o^m *r ^1-8-5(33)21 #^-(34)31- ^2-^-5 

2} #^(44)51 -fi-A}S>7fl ^11^-5(33)21 ^(32)1- A}o|o|l -jt. «ll*]£H $1 

A. ^ #^2} afl*]^ *fllwH€sW31) ^ Cr-E- wH^^l^l )2} 2. 

<&Sr A>zl-^ o.5 ^-*H7]^r 7>^>7ll ^5^1 ^5^^121 tiV-g- Tg^-i- q-cfls^- 

^ SlJl tti^^HrKr ^-f ^^o] -g-o^l-Tfl A >-g--g- ^) 

^1^-5(31)21 oj^( 32 )S>l- #^(34) ^ ^12^-521 o^( 42 )S>l- f^( 44 )i=. 51*1 £ 
«>2l- ^°1 El-^^o.^ <35. ^1-51-^121 ^azf yfl^ ^%^>7ll ^ ^ 

. £ 5b«- ^"S^, ^1«>°1 #^(31)21 ^ofl^ ^^^ (36h) ol ^llBHf5}t(31)|- 
^-^}J1 91°-^ ^11-^-5(31)21 01^(32)0} Qo)( d2 )±r ^fl^(33a)2l (dD^cf £ 
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71), ti>ej-3]T5}7ll^ 50% $5. STfl o]9]- £o]( d 2)±t 1-^51(31)^ # 

^(34), °J^(42) ^ #^-(44Hl %-<£*U) ^-g-^cf. Jfrg.*] oj^q. 

S°l^r #^ ^Eflfif igv]) <£g_ HLfe ^^Ml^l JL-g-* ^ ^7jl^^7|- 

-E.3 ^ ^o] ^ ^a-ofl ^JjL tiV-g-ig^^- ^>X] §H ^-§-#^1 *>-§-^-°3. ^e*> 

^7lS|- ^1 #4 ^ ^-^Al^lcf. o] nfl al-g-o]]^ ^--g- ^ xflJf 

S^-B] ^^>7ll z\]7]S\°]o]: AVsj.^o] ^L 7 ] 7l . ^-^^^ 7] ^ 2)7]] ^JL *l-%-^£L3. % 
e^>7l7> -8-01^^14. ^-#*1 J13|*M ^o] f ^y.^ 

-ft-JLS} SUiSf ^ 7fl; - ) 0.^0} cg^Lcq. ^-lo} -o] ^741^# ^ 

^^(38a, 38b, 38c, 38d)^- ^*}<*| 9i3.*l*l ^i«H]a-} ^^Rr 1# ^^1^ ==r 
5^. -*UH ^^Ha-} *lH£)i=. ^llti>^l#^(31)4- ££r «} 

3^ ^-i: H oM^>7l *fl^(36a, 36b, 36c, 36d, 36e, 36f, 36g, 36i)SJ $1*1^ ^ 

4^ (38a, 38b, 38c, 38d)^l f^cHl %°] v\&*\^t± m £ ^-g-grS^ 

71 ^-§-^(37)^ ^oj-^^o]) ^lti>ol^^(3l)^ ^ 33l-!d*H <£^£]^ 
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^l2«>ol#&(-^h(41)^: iLo]^ sg^^l^-. £ 7a - -§-<^o] c _ c - # ^;^£.o]^ ; 
£ 7b^r D-D' 4i 

£ 6^ ^-S^-Jl 41^ ^2w>ol^^ ( 430. 43a ^ *im , 43b^ 

e1«., 42^ 44^ 45^r S<$7-, 46a, 46b, 46c, 46d, 46e, 

46f, 46g, 46i^r 46h^r Sl-ff-^ , 47^ AA M-^cf. 

a||2HWl-eW41)£l ^-Mfe *fl 2«M #^(41)^ 3*H#o.3JfBl ^ 
Jf-JEL e>«J-o.S <a^*V 3^1^ A>^51 ^-§-^:(47)ol ^^1^4. ^-§-^(47)^1 tfl 

-MSr ^€ ^fl^(43a)2)- ^fl^(43a) aW<*|| ±^ ^o]^ 

(43b)S oj-Lo^j^ ^12^-S.(43)7> A>tg o_j- o^cf. 

^2-f}-3.(43)7> ^^i- ^^(42)2f ^2-^-3.(43)71- #^(44)^- ^ 

«o V ^S ^ft^H ^12-^-3.(43)^ ^^(42)^ #^(44) A}oloH^ 

^1 1-R-3(*1 oi^( 32 )sq- ^(34)71- ^^l^ji ojcf. av-*v £ 4 cq ^1^(33)^ 

^^(32)^ ^(34)^ Bfl ^^ o.A>^7fl ^12^(43)21 ^^(42)5+ #^(44)^ 

SU^. ^112-8-3.(43)^ ^(42)^ ^1-B-S^ <^(32)^r ^1^-3.5] #^(34) 
1- ^}°H ¥ji -g-^^N 5^ ^12-8-3(43)^ #^(44)^ *Ul-R-3(33)^ #^(34)^ 
1-ML2] ^(32)1- Afolofl ^-ji ^l-e-S-S] ^(34)^ &g\z\o] ojcf. d]^ ^-o. ^ 2 o_ 
3(43)^ 0^(42)2}- ^( 44 )o] tifl^]^ i-fi- 3.(33)0) cy TO2)s >|. ^ (34) ^ 

^12^-3.(43)^ «}-£>]. ^-ol ^1 ^ ^2^M(cl, c2)Sf afli xj\x) 7]l6^(tl, 

t2, t3, t4, t5, t6)* 7}^. h}<4 £0} Tfli ^I23ui(cl, c2)^ ^) 
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*l)6€(tl, t2, t3, t4, t5, t6)£- sUSlHM ^sh^ ^-^-o] ^-^o.s o.S.^ 

€^5Mr H o v ^im ^ 5£^. *H2-fi-5.(43)3 *fl^(43a)£r £ 4<*H H*l€ *Hl-fi- 

5.2} ^(333)4 ^"4.^ 90£ m^t^ ^7jl^o.5*| *H-#(47)£) #*)1 

°fl ^^tb €71^^ ^] -frlE^- ^ $14. 

£ 7a# ^-2:^, ^12«H#2H&(41)^1 *H-#(47H]^r S°l(d3)^ *fl^(43aW 
S'Mfetf), *ti\t(43a)2l ^(w3)4 em(43b)^ ^f(w4)^ w>^^>7fl^ 1.5:1 ^£5 f% 
^€4. ^fl^(43a)^ ^(w3) ^ 3°14 slti.(43b)^ ^(w4)^ ^^(43a)^r *4«Hr -fr 

£ 7b* ^12^(43)^ ^^(42)^ *fli£(43a)4 2^1 (d3)J±4 4 S^r 

3°l(d4)5 ^^^cf. *i|2-fr5.(43)4 °J^-(42)4 #^(44)(44)£ S. 5b^l ^ l-ff- 

5(33)2} <y^(32)4 #^-(34)4 -fhWX] ^fl^(43a)^ ?14Ji4 d) gji ^Tfl $^.2. 
5*1 <35 iE^r #2Ml7} ^**>7fl ^^-m ^ fl-SE^ *b4. 

^4 -gAloflofl o^^^ofl ^44^- *fll *)l24°l #4^(31, 41)£r oj 

^AHls ^flAl^ji &o_n} ^! ^ ^2-8-5.(33 , 43)4 ^Bfl^ o}o]l t^44 &fe-4. o| 
» *<H ^11 £ ^12-^-5.(33, 43)4 oj^( 32 )(42)4 #^(34)(44)^ *im(33a)(43aW ^ 
*^ ^ol sol #.2. *fl\l (33a) (43a) 5.-^ E] ^#^45 ^ 

^4<=H °15. Sxr #4*114 ^-#4 «fl#-g- -g-°14>fl § ^ &4. ^llw}olt^(31)i 
<£5.7> ^°j5l^r 3* *|244 #44(41)<>ll^ ^A]7\ ^<$S)JL ZL «JE 7j-^44. 

£ 8£r 5L 44 aU4 0 l*4#(31)4 3£ 64 a|244€4#(33)* ^15 44tt ^ 
*4 4^°14. *U ^ al|244#4#(31 f 41)^8- ^<£i!5 afla^St©^' ^fl^ 2mm, ^ 
3£r 100cm 2 Jl5 ^4534. *U ^ *ll2-f}-54 °J^(32)(42)4 #^(34)(44)^ 10mm # 
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3* -fr*l*KE-l=- ^^*>ul ^o) 3mm olji z}o} 7 } 8mm ^1 eHJ^ 0.3. ^tW. *)U 5? *fl2 
«H#^(31, 41)^ 37cm 2 olJi 5fl^(33a, 43a)£] % z^lfe 53cm^ 

47cmol4. 

< 85 > £ 9^ £ 8^ ^11«>^1#^(31)21 5fl^(33a)^-^-* 2-°) 3- 91^. 

SL 8 ^ 5L 91- ^-S^, ^11 ^ ^I2^^(33a, 43a )^ SMtt 0.7mm, ^ 1.7mmiL^ 
. ^«.(33b, 43b)^ ^ l.lmmS. s.o] a] 7 > 1.5:1* 

£-§-#(37) ( 47)2]- *fli ^ ^2w>ol§^(3i)(4i)^ a>o]^ 0.6mm^ ^(G)c>l oi 

SLA] ^^0.14 10mm ^z]-^ afli *H2wMl-eJ-#(31, 41)£] Afl £ 

<3i^*H. ^11WH€^(31)4 ^l2W>ol^E}-^;(41)£l 

<8?> [ a i] 







^liui-oi^.sj.^t- 




^l^(27D^| *im) 

^§-71(371121 jfl^) 


°1| 1^(3711 £1 *1|\|) 
^7l(37fl SI ^flM) 








^^](cm2) 


100 
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1>-S- ^^(cm2) 
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34 


34 


(cm) 




160 


53 




108 


47 






88(22^) 


54(9^) 




42(14^1) 


42(7^) 








^^Kcm) 


0.8 


1.1 


^H 1 ^ £°l(cm) 


0.7 


0.7 
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3. 1# #S*>^, ^Hfl^l «H#2^1 uj«q *fli ^ ^ 2 ti>o]^^^ ti>-§-^^ol 
45cm 2 ^l^ 37cm 2 J15 ^HM^ ffl^r-i: ^-^ °-^o] ^ o. 160c m^^ 53cm5, 

^71^ -fi-5*} ^-f 108cm^l 47cm5 1/2-1/3^515 ^i^cf. 2 ti^ l^f -fr-g- 
-^5*1 ^4- 8871HH 5 47fl5 ^-71^ -^5<?1 427flS. ^^Tll -H-^1^JH $XSL*\ 

€^1 ^f3r-§r -n"^ -fr5<y ^-f 22€<HH 9€-°5 ^-71-8-^- $-3.91 

7 E JAS 1/33 515. <£5 J£^r ^sMl^l ^o] ^-g- ^ oio^ 

51 lO^r 51 4*fl 51 ^llw>ol^^^ £ 6°fl 51 a] ^ *fl2wM #2^* ^fl-g^Rr 

^^#4 ^ <2^L7> ^Sl^r €^(31)^ ^71 7^°. XVQz\}7} ^<%S\ 

*H2ti>°l# £1-^(41) ^}o}d\) A]-gj.^ 7 ]. ^^s-}^ #7] *V^-o] <£o]^ 

MEA(52)o] 7fl7fl5l4. ^ <2» ^^^ x ]ol ^o. oljtno) ^ 1V ^o] #Ej-^(31) ^ ^ ^ 1 

-R-5(33)5 nfl^o} <g^ S 7fl^2=<U ^2«>o]^el-^ r (41)oflA^ *fl2-R-5(43)5 

■§-7l7> <4s}-^l5Ai ^-^t}-. uim#4 MEA(52HH aV-g-^c^ <# 7 ± > ^ w o]*} 

-t ^ofl HI- ^-§-^3* °1 ^5-^t-ll ^7> ^cf 

. St!: 7fl4l= tiV o.^l ^11W>C»1 #5^(31 )5-¥-Ei £ ^7.>7> ^7l<4 

a>-§-§H #7l<4 ^1 ^ 1# IHM?!^. a. ^aHHI ^1 ^ ^l2w>ol 

#^(31, 41)£ tijr-g-^1^ ^Aj^ ^ ^ vll w-5.«-Ei ^#-§1 ^71* ^ ^A^5 
^7l7> l-^^l^ *i^g- ^711 ^JL tiV-g-^o.5 ^«>7l7l- -g- oj 4 . 
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■W-(I)^ €3H) 4^- ^(E)^ iL°l^r neflS(gl)^- ^(Power)^ 

£SH 4^- ^«3-(E)^ nHflH(fl)^ gi-g- tiling ^Ai^ofl 4 

€• <35-3l*l i^HH -g-^tb ^(E), 5V<HH c| €■ *HKI), 8A» M-E}-v£tf. ^Efl°| 
*H *fl-g-*rfe- ^fi^l i^Hl ^fKl)^ £3H ^ ^ (Power )4\ ^ 

i-MMfe- H2flH(f2)^ g2» ylm*l-^ g2«lH ^oj-o] 4V ^ nfl a^Jl 3)-^7> 44W ^ 
M-BfM-Jl & <H f2ofl>H M-EfM-^ 3jjL sj-^o] 30W ^JEiLtf 47% ^S. #7>^ 

lOHfl vflx] 20«fl ^JES #^tVt}. ^ <y-<N*Rr ^S^(^^=)ol l.92bar<HH 0.08bar 
^}^^^(?H^=)7> 0.8bar°lH 0.05bar #^Rr ^JAS 

<94> £L it^-& oflt£ ^Alofl 7l^^ ^Ml-SHr^ 

A^A. ssj^g-, ^ ^ ^^^1 l^f^ 
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<#7]& *\ A>^-o] 7]^S\o] OJO.U}-, ns.^- ^-^o) 

tlr^Hr ^c-l^liltf, w>^-3)^ ^Hl^ *|)^£)<H°) ^-cf. 

7i#^ a>^hi si«fl -a-s^ ^ ^o], go], a., ^Bfl# tfo^xi ^ 3J°1 

y]^^ a>^hi ^sfl ^sH^* 

#^"«- <U^SLj^L vH^O-S.^ *\}2i5) A>-§-^- ufl ^^^^4 a^tfl 
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[^^8- l] 

-8-71 -B-SS] Zjo^ # 7 ] WH#5^S] Tg^o} ^^e^l 3«fl °1# Sn 

^ 4 0 lt2]4. 

2] 

*i) l %H1 

#7l -B-S^ #71 ^ -j7 #« 0 v_o^. av-g- 

3] 

*fl l ^1 

#7l -fj-S^r #7l «>o]§^^ ^ ^JL e}« 0 >O.S. ^S]^ 

^1 ^#5)^ ^-fr ^ *>fe «}°lt^. 

[^^J- 4] 

*fl 2 5Ett 3 ^Hl 5a<H^, #71 -fi-Sfe-, 

#7] ^ ^ol^ <§#£]:il #7l HLfe- #5^17} ol-^^ ^^Sf, 

#71 *flv| ?i #^^r ^WS. ol JL) ^- 7 ] s-o] #71 S| ^M] 

n 1.3 wfl ifl^l 2tifl ^£ €• ^3-2-3. ^ t>}ol#e|-#. 
5] 
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^-71 «H^^ ^^e^l 3*fl 8«fl °1*K1 ^ o. 

6] 

1 9X^, 

-ft-S^r *l*8 «o V ^°l 90S S^7f 607fl ol^>o] S.^ *>fe «> 

7] 

^7] -fj-S^r « 0 >^ol 180S. £*Rr Qo] i27fl o^l-oi 7 ^ ^i=. yj-o] 

[^^3- 8] 

6 %M1 

9] 

7 %H1 $U<HH, 

#7i Ed£- ^^5. ^^5i^ ^J-i- ^ y>ol#^. 

10] 

*n i %hi 

#7l <$^-9}- #^ ^ ^JlS. 3}-g- ^)o £ ^ til-ol^e)-^-. 
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111 

#7l #^ b]-^^oi ^ s-^i 0.51 *H=. 

12] 

#71 -B-S^ #7] ^ol^-s. s-o] tfo^lfe. JjL^ ^Bflo^ og^L^ ^ 

[3^3" 13] 

^ 4 %H1 

#71 -fr5.Tr #71 5fl 3°l7> 30% 50% ^£ Cl 3^ <£^-<2\- ^-Wl 

[^^* 14] 

*fl 1 5^1, 

#71 ti>ol^5|-^ ^ofl ^-og^2. 7l . ^ o. s.^ ^ W >ol^el- 

[^^J- 15] 

<3lM^ -^S7} ^#3^ ^U^l^W, #SM1-R-^ -a-S7> ^#5^ *\}2*}°] 
^, #71 ^ x|l2ti>oll-^ A>olo]l 7fl ^fl Si JTL #71 ^7) *}l%x\}7} 
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°l*H>ljl f ^V 7 ] A].g).^o.^ o. S o^ ^o]^ # 7 ] ^)l2W>olS.^o 1 Tg^o} ^e^l 3*11 
°1# 8tifl ol^>o] ^ o. a^lo s z}^ <&M.&x] . 
16] 

*)1 15 *<H1 SI^^, 

#7l <£s-ft--§- $-£.Tr #7l ^liyfoi^e}^ ^7ll5.-¥-Ei ^ ^-i- ^Jl #« 0 h<15. 
17] 

15 * 0 H1 9X°]*\, 
18] 

an 15 * 0 H) £M*1, 

#71 #sMl-fr^ #71 ^2aKl#£l-^^ ^TllS-^Bl Tj^- #«j-o. 

S- «]-§-^l ^ ^ ^ f^l^ ^ o^s.^^1. 

[^^%1 19] 

15 %H1 &<^i, 

#71 #2Ml-fr^ -n-^-^ #71 t^H^^ ^^S-^-E^ ^ -jt §}aVo 
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IQitft 20] 

*ll 16 £E^r 17 %H] #7l -frsfe, 

«l^fl 1.3 «fl ifl^l 2«fl ^£ €■ ^J-fir ^S^l. 
[^T 1 * 21] 

*fl 18 ^ SL±± *H 19 ^sMl-R-^ -fi-Sfe, 

^■71 ^ # o]s^ oi = 0^7.1 ji, ^-71 sfl^si s.oi ^-71 e^y.^ 3-o)l u] 

1.3 Hfl tfl^ 2*fl ^S. ^ ^i=. 
l%T*Qr 22] 

15 %H) 

A o V 7l <3JL-f|"£- -R-Stt y <j-^°l 90S ^Rr 3.^7} 607fl o]^o] ^ o. s^jo 

[-3^ 23] 

*fl 15 %H1 

^-71 -3 ^. -£}--§- -a-S^r ^11^ «<K to l 18051 *£^Rr H°l 127fl o^o] ^ o. 

24] 

*fl 15 %hi sa^i, 
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-*7l AV^-fr^. -frSfe *B^3 « 0 V*j:ol 90£ igSHr ^Ui7> 507fl ol^o] ^ 

[^H" 25] 

an 15 *<h &<>h, 

A oM ^sj-ail-fi-s- -H-s^ tg-^o] i8oh no] i07fl oi^><y 

[$^* 26] 

all 22 ^ SL^r ^1 24 %H1 fl^W , 

^71 3t1^ ^oj- ^£]tt . 
27] 

all 18 *J-oll 5a°H, 

Aj-71 Ejo. 0_^. ^ 3 ^ ?A^r <5>^r 

28] 

all 15 %H1 SU^'H, 

#71 -S-JL^ ^<a« 0 H>o.s <a^sq- ^*l*Kf ^-fr 

^s^i^l . 
29], 

all 15 *oHl 5U<>H, 
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^-7] ^>sMl-fH§- "n-S-Tr ^aj- ^«l*Kf 3j.fr s-^i 

30] 

15 ^-ofl 

^ #^ 3£^r ^"71 c.^ o.^ # ^L # ^ojofl -J7 ^S)ol Ol^ ^fr ^ 

31] 

15 *M 9X°]*\, 

2] <^ ^"71 AVsMl-fH^ -fi-S.^ SJt 1 * ^Hl ^JL ^xr ^J-Sr 

32] 

*fl 15 %H1 

33] 

*fl 15 5a°H, 
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34] 

31 15 %H1 Sl^H, 

A cM -B-S.^ #7l ^fl^s.^ ^o^^s. £o^^ ^fl^sl <y^<4 

35] 

31 15 5a°H. 

#7l AV^o.^ o.^^ ^-71 ^^S-^-El ^o^^s io] i^*)^ «-^^Sl 
36] 

31 15 SZ<H>H , 

#7] <3S-R-§- -B-S.^ #7l ^^^1 a]^ 30-50% c] a 31 «8>8€ SJt 1 ^ 

1 3^8- 37] 

31 15 *<hi aw-M, 

#71 ^sMUf^ -frSfe #71 ^11 ^ £°H1 «1*H 30-50% cl 331 

1 3^ 38] 

31 15 %H1 A 6 !*!, 

#7l 3llti>ol§^o. o^^o]] <g^^ #<y^i- ^-til^ 
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39] 

Xl 15 %H1 

3*1. 

[^^J- 40] 

Xl 15 %H1 Sl<H>H, 

*}lr £5.3*1. 

41] 

XI 15 *M &°H, 

#7} ^l^-o}^^ oj-^^. 0.05bar ifl*l 0.12bar« M-^xfl^- ^ 
42] 

xi is %hi 5a°w, 

^"71 Xl2ti>ol§^^ 0.02bar ^} 0.08barl- M-e}-i^ ^ ^^io s ^ 

^ <3S3*1. 
43] 

Xl 15 1H1 ^^i, 

#71 Xm z}-^ ^-7] wl-ols-B]-^-^ XI ^-e^ 3wfl °1# 8«fl 
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